The comprehensive mass insertion formula of the b → sqq transitions was provided for the chargino contributions. The method clarifies physics behind the calculations of the supersymmetric contributions to FCNCs. The result was applied to the analysis of the difference of the CP asymmetries of the B → Kπ decays. It is shown that the supersymmetry is not responsible for the discrepancy.
Introduction
The CKM picture of the standard model (SM) has been confirmed by experimental and theoretical developments [1, 2, 3, 4] . Although a lot of the experimental results of flavorchanging neutral currents (FCNCs) are consistent with the SM, there are processes whose measurements deviate from the SM prediction [5] . Some of them have been reported in the b − s transition processes. Definitely, it is too early to conclude the anomalies due to physics beyond the SM unless uncertainties especially from hadronic contributions are reduced. Nonetheless, it is important to explore the new physics (NP) in the flavor sector, because the FCNCs are sensitive to flavor violations in TeV scale.
Supersymmetry (SUSY) is one of the most attractive extensions of the SM. It involves new flavor structures due to scalar partners of the SM matters. They contribute to the b−s transitions by gluino and chargino diagrams [6] . There are two methods to describe them: i) the loop diagrams are evaluated without approximations [7] , and ii) they are expanded by small parameters (see, e.g., [6] ). The former provides full evaluations, while the latter has virtues that the contributions can be understood clearly. In fact, physics behind the former calculations becomes clearer, and cancellations which appear in the former method such as the GIM mechanism are performed automatically. In the literature, the latter description, called the mass insertion (MI) approximation, has been discussed for the gluino contributions. The MI formula for the chargino contributions to b → sℓℓ is also given in Ref. [8] , though some typos were recently reported [9] . That for b → sqq are found in Ref. [10, 11] . However, some contributions are not included, as will be shown later. In this paper, the comprehensive chargino contributions to the Wilson coefficients of b → sqq will be provided in the MI approximation.
The analysis will be applied to the Kπ puzzle. The B → Kπ decay is dominated by the penguin contribution and sensitive to the NP (see, e.g., [12] for a review). Currently, the measurement of the CP asymmetry of the B 0 → K + π − decay is different from that of B ± → K ± π 0 at more than the 5σ level [1] . In the SM, such a large deviation is unexpected (see [12] for a summary of the theoretical predictions), which is called the Kπ puzzle.
In the topological decomposition of the amplitudes [13] , the difference originates in the color-suppressed tree (C) and electroweak penguin (P ew ) contributions. The experimental results may indicate enhancement of C and/or P ew by NP contributions.
The SUSY solution to the puzzle by means of the chargino contributions has been discussed in [14, 15, 16] . In contrast to the gluino contributions which have already been constrained [17] , the authors insisted that the chargino can induce a large CP asymmetry of B → Kπ. However, it was reanalyzed in [18] with the full loop calculations, i.e., i) in the above category, and found to be less significant. This conclusion will be confirmed by the MI approach. Also, the contributions with the squark mixing of (δ u LR ) 32 are analyzed, which were discussed in [14, 15, 16] . They can be included by turning on the charm Yukawa coupling and will be shown to be too small to solve the Kπ puzzle explicitly by using the MI formula. 
Wilson Coeffients
The b → sqq transitions are represented by the following effective Hamiltonian [19] ,
by integrating out heavy degrees of freedom, where q is the u or d quark. Here, λ p is defined by the CKM matrix as λ p = V pb V * ps . The operators are defined as
1 There are additional operators in the effective Hamiltonian up to the dimension six such as those with the scalar or tensor Lorentz structure. In this paper, we are interested in the processes that are not suppressed in the chiral limit. Since the extra operators involve the chirality flip of the quarks, they are irrelevant, and the operators in (2) are enough.
where the color indices are denoted by α and β, and the electromagnetic and strong coupling constants are e and g s , respectively. In the electroweak (EW) penguins, C i=7−10 , 
q , where i, j denote the chirality of the squark, L and R, andm 2 q is a diagonal component of the squark mass matrix. Thus, the SUSY contributions are represented by the eight MI parameters,
In this paper, the soft squark masses are simply set to be same except for the right-handed stop, andm 2 q is chosen to be this common mass. For the down-type squark mixings, it is convenient to use their Hermitian conjugation, (δ
When the down-type squark mixings are present, the gluino-squark diagrams dominate the SUSY contributions to b → sqq. The Wilson coefficients are obtained as [6, 20] : For the four-quark operators, the gluon box and the gluon penguin contributions are included in (4) . There are additionally the EW penguins by mediating the photon [14] ,
while those to C 8 and C 10 are small. The contributions toC i are obtained by flipping the chirality. The following Z-penguin contributions are also added to the coefficients, 
where C g represents the gluon penguins, C γ the photon penguins, C Z the Z penguins, and C Bu and C B d the box diagrams. In the MI approximation, they become
where the trilinear coupling of the scalar top, A t , is defined as L = −m t A tt * Rt L + h.c.. The contributions to C 8 and C 10 are suppressed. The chargino contributions to the magnetic dipole operators are obtained as
All the loop functions are summarized in App. A, and the parameters are defined as
where M 2 and µ H are the Wino and the Higgsino mass parameters, respectively. In the chargino contributions, the right-handed stop mass, mt R , is left explicit, because the Zpenguin contribution becomes larger when it is hierarchically small. Since the strange Yukawa coupling is neglected, the right-handed currents do not receive corrections.
In the superCKM basis, the CKM matrix appears in the chargino-quark-squark vertices, which is another source of the flavor violation. However, this effect is discarded in this paper, because we are interested in the cases when the corrections are dominated by the squark mixings.
There are no chargino contributions from (δ 
where the loop functions are in App. A. The other contributions are negligible. Although they are suppressed by the charm Yukawa coupling, since the constraints become weaker, the mixings can be sizable. It is found that the contributions to C 7γ and C 8G are not
q , but rather, they include tan β. The Wilson coefficients are set at the scale where the heavy fields decouple, i.e., the weak scale for the SM and the SUSY scale for the SUSY contributions. They evolve from the input scale down to the m b one by solving the renormalization group equations (see, e.g., [19] ). Then, the b − s transition amplitudes are evaluated. In the next section, the gluino and chargino contributions are studied on the CP asymmetries of the B → Kπ decays in the MI approximation.
Before proceeding, let us compare the MI formula to the full evaluation of the loop diagrams. The full method means that the loop diagrams are evaluated in the mass eigenstate basis. The calculations are easy to preform, whereas it is relatively hard to understand the underlying physics. This is because the full formula includes cancellations, e.g., by the GIM mechanism. In contrast, the MI formula is suited for understanding the process, because the mass matrices are expanded, and such cancellations are absent. Since the calculations are involved because there are a lot of diagrams after the mass matrices are expanded, we compared the results of the MI formula to those of the full method in order to confirm them. The full evaluations are found in the literature (see [18] as a recent one). We checked that there is a good agreement between the two approaches in most of the parameter space. Exceptionally, when the right-handed stop is much lighter than the other superparticles, a subleading contribution can be dominant, because a corresponding loop function is enhanced. Then, the next-to-leading order evaluation is required. Otherwise, the MI approximation works well.
In the MI approximation, a part of the chargino contributions has been missed in the literature [10] . In particular, the contribution with A t has not been found, though those to C 7γ and C 8G are sizable. In the SUSY models, A t is considered to be comparable to the gluino mass, for instance, by the renormalization group evolution. Further, the recent LHC searches for the Higgs boson [21] may indicate relatively large A t [22] . Therefore, the contributions could be crucial for studies on the FCNCs. Moreover, the chargino mass matrix has not been expanded in [10] . Since the mixing between the gaugino and the Higgsino stems from the electroweak symmetry breaking, the off-diagonal components of the mass matrix can be expanded, which is considered in the present result. This enables us to avoid the cancellations which appear in [10] .
B → Kπ
The difference of the CP asymmetries of the B → Kπ decays has been measured as [1] 
where the errors are added in quadrature. This is unexpected in the SM. The amplitude of the each decay mode can be decomposed by the topology of the weak transitions [13] ,
where the QCD penguin P , the color-allowed EW penguin P EW , and the color-suppressed EW penguin P C EW are approximately proportional to λ c in the SM, while the color-allowed tree T and the color-suppressed tree C are proportional to λ u . Hence, a relative weak phase, λ u /λ c ∝ e −iφ 3 , arises at the second line in the each amplitude. The strong phase relative to P is denoted by δ i . The ratios of the magnitudes are defined by
In the decay amplitudes, the hadronic matrix elements are evaluated by using the QCD factorization as [23, 18] ,
where subleading contributions including the weak annihilation are omitted for simplicity.
The definitions of the parameters are found in [23] . The SM naively satisfies 1 > r T , r EW > r C EW , r C (see, e.g., [18] ). The difference of the CP asymmetries is represented as
Since the SM predicts r T , r EW = O(0.1) and r C EW , r C = O(0.01), ∆A CP ∼ 0.01 is expected, which is smaller than the experimental result, (10) .
If the NP is responsible for the discrepancy, the SM evaluation (14) is affected. The NP contributions are parameterized as
where X NP represents the NP contribution common to
Since the NP generally involves new CPviolating phases, there are four types of the corrections to ∆A CP :
1. When X NP is dominant with a sizable weak phase relative to P (SM), the isospin violation is from P EW = P EW (SM), and ∆A CP is evaluated as
where r X , δ X and φ X are |X NP /P (SM)|, the strong and the weak phases relative to that of P (SM), respectively. Thus, X NP ∼ P (SM) is required to account for (10).
2. When X NP is large, but its weak phase is almost aligned to P (SM), X NP contributes to P as P → P + X NP . Then, ∆A CP has the same form as (14) . In order to enhance it, r i in (14) needs to be magnified. Thus, X NP ≃ −P (SM) is required. Note that the branching ratios of B → Kπ are also suppressed.
3. If Y NP dominates the NP contributions with a large weak phase, ∆A CP becomes
where the parameters are defined similarly to (16) . Then, |Y NP | is required to be at least comparable to |P EW (SM)| for (10).
4. If Y NP is large, but the weak phase is suppressed, Y NP contributes to P EW . Noting that the CP violation originates in T (SM), ∆A CP becomes
The experimental result (10) indicates that Y NP is as large as P (SM).
It is commented that when the NP appears in the right-handed currents, their contributions are evaluated by extending C i in [23] as C i → C i −C i , where the relative sign is determined by the parity of the final state [24] . Although the SUSY is unlikely to contribute to the strong phases [25] , since there are discussions [18] , we focus on the magnitude of the SUSY contributions in the following study. If none of the conditions, 1-4, is satisfied, the measured difference (10) is not explained by SUSY, irrespective of the strong phase.
In many cases, the SUSY contributions are dominated by the chromomagnetic dipole term, C 8G . According to the MI formula, it is larger than the four-quark operators. From the relation between a i and C i [23] , P in (13) receives a correction as
where
, and Φ K is the leading-twist distribution amplitude of the K meson. It is emphasized that this contribution corresponds to X NP , whose weak phase is from the squark mixings in C 8G .
The SUSY contributions to C 8G is tightly constrained by Br(b → sγ). This is because the structure of C 7γ is very similar to C 8G , as shown in Sec. 2 explicitly. Since the experimental results [1] agree well with the SM prediction [26] , extra corrections are restricted to be within the range, is the Wilson coefficient of the effective operator, [27] . Since the sign of C ℓ 9 is not flipped by the SUSY contributions [28] , C 7γ is dominated by the SM 2 .
In practice, when (δ It is found that X NP is less than 30% of P (SM) under the constraint, and the maximum is insensitive to m soft . On the other hand, Y NP is found to be tiny. If the photon penguins are compared to C 8G , (5) is proportional to α e without tan β. Although the Z penguins can be comparable to the photon penguin, they do not dominate the EW penguins at least for tan β 50, because they are proportional to m b (see (6) ). Hence, Y NP is estimated as
where the loop functions are taken into account in the last relation. Since r EW (SM) is of order 0.1, Y NP is found to be less than percent of P EW (SM). Therefore, none of the conditions, 1-4, is satisfied, and the measurement (10) is not explained, because of the tight constraint by b → sγ.
The situation is very similar for (δ (21) is estimated to be ∼ G F m 2 b tan β, which leads to Y NP /P EW (SM) 1% under the constraint from b → sγ. This is too small to explain (10) .
In the case of the chargino contributions with (δ u LL ) 32 , the magnetic dipole terms in (8) include tan β, though they are proportional to M 2 W . As seen from (7), the Z penguin is not suppressed by M There are constraints on (δ u RL ) 32 other than from b → sγ such as B → K * µ + µ − [9] and the vacuum stability [29] . According to the recent analysis based on the updated experimental data of B → K * µ + µ − [9] , (δ to explain (10) . Furthermore, since direct searches for the superparticles already excluded the light mass region [30] , the bound is likely to be much severer, and it is concluded that (δ u RL ) 32 cannot account for (10).
In the above study on (δ u RL ) 32 , A t was assumed to vanish. As the coupling increases, the magnetic dipole operators are enhanced (see (8) ). Then, the b → sγ bound becomes severer, and Y NP is disallowed to be large. On the other hand, when the right-handed stop is much lighter than the other superparticles, the loop function of the Z penguin increases (see App. A). However, the bound from B → K * µ + µ − simultaneously becomes severer [9] . We could not find the region where the difference of the CP asymmetries of the B → Kπ decays (10) is explained by (δ In the QCD factorization, one of the largest uncertainties stems from parameterizations of the divergences in the soft gluon interaction and the weak annihilation [23] . So far, the scenario S4 in [23] was applied to the estimation of (13) . If the parameters are varied, ∆A CP can change by ∼ 5% (see, e.g., [18] ). Nonetheless, we checked that the SUSY contributions are irrelevant for the Kπ puzzle.
The above study is compared to the previous works which investigated the chargino contributions for the Kπ puzzle [14, 15, 16, 18] . The authors in [14, 15, 16] insisted that the puzzle was solved, whereas those in [18] obtained the opposite conclusion. The difference exists in the method to evaluate the loop diagrams: the former used the MI approximation, while the latter relied on the full method. In this paper, we revisited the Kπ puzzle with the MI formula and obtained the same conclusion as [18] . Although the MI formula used in [14, 15] missed some contributions which mentioned in the previous section, they may not be the leading reason of the contradiction. We found that some numerical results in [14, 15] are not reproduced, which could cause the difference. On the other hand, the strong phase could be a source of the gap between [14, 15, 16] and [18] , as mentioned in [18] . In the former analysis, the phase is taken to be free, while it is fixed in the QCD factorization in the latter. In this paper, the puzzle was studied with the strong phase of the SUSY contributions supposed to be a free parameter. It was concluded that the chargino contributions are tightly restricted irrespective to the strong phase. Thus, it is believed that the SUSY is not responsible for the Kπ puzzle.
Let us comment on a loophole of the above study. The SUSY contributions could be cancelled to each other for C 7γ . Then, large squark mixings might be considered to explain the anomaly. In that case, careful analyses are required, because such large mixings easily spoil other experimental constraints. For instance, when (δ d LL ) 23 is as large as unity with (δ d LR ) 23 tuned to cancel C 7γ , SUSY contributions to B s → J/ψφ as well as ∆m s may conflict with the experimental results [5] . Anyway, the complete study is devoted for future works.
Conclusion
The MI formula of b → sqq was provided for the chargino contributions as well as those of the gluino. This approach has an advantage that they are easier to understand compared to the full evaluation. For instance, the cancellations which appear in the latter method such as the GIM mechanism are performed automatically, and it is possible to find out relevant contributions. The MI formula was, then, applied to the analysis of the Kπ puzzle. It was found that the SUSY models are not appropriate to explain the experimental result of the discrepancy between the CP asymmetries of B 0 → K + π − and B ± → K ± π 0 . Since the structure of the SUSY contributions is clearly seen by means of the MI approximation, the conclusion is expected to be less dependent on details of the models.
Let us comment on a future prospect of the Kπ puzzle. The CP asymmetries of the B → Kπ decays follows a sum rule unless the anomaly is due to the EW penguin [31] .
If the violation of the sum rule will be observed in future, physics beyond the SM is indicated other than the SUSY models.
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A Loop Functions
In this appendix, the loop functions in the gluino and chargino contributions are provided.
A.1 Gluino contributions
The loop functions that appear in (4), (5) and (6) are given by B 1 (x) = 1 + 4x − 5x 2 + 4x ln x + 2x 2 ln x 8(1 − x) 4 , B 2 (x) = 5 − 4x − x 2 + 2 ln x + 4x ln x 2(1 − x) 4 , h 8 (x, y) = xf (1) 5 (x, y) − 2 3 f
2 (x, y), h 8 (x) = h 8 (x, 1).
A.2.2 Penguin
The loop functions for C g , C γ and C Z in (7):
3 (x),
1 (x) − f
1 (x, z) − (x ↔ y) (x − y)(1 − z) , −
